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ABSTRACT.  Brodiaea sierrae (__Th(*mi(lait‘mu‘)q d 1ew

1|i|1|ni:1 SPeCIes from the Sierra Nevada f{oothills of

US.A.. 1s deseribed and  illustrated.

i\’]nl‘[ﬂln]n;{i['ul‘}‘, 1

California,
s most similar to the tetraploid
B. leptandra, from which it differs by having larger
Howers, with pertanth lobes up to 40 mm long (vs. 20—
30 mm). The new species 15 also morphologically
similar to B. r'u/{'/hrnffw bhut differs Il} the staminmode
morphology and by the lack of anther appendages.
Although morphology and other data support a close
relationship  between the three species. they are
ceographically and edaphically disjunct in northern
Califorma.
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The genus Brodiaea Smith (Themidaceae) consists
ol approximately 4 or 15 species. almost entirely
restricted to the California Floristic Provinee (Nie-

1071, 1980; Kealor, 1993: 2002).

Brodiaea has a rich taxonomic history and has been

haus. Pires.
placed variously in Liliaceae, Amaryllidaceae, and
Alliaceae (Hoover, 1939: Keator. 1967, 1989: Nie-
1971, 1980)).

however, place Brodiaea and relatives not with Allium

haus. hecent phylogenetie studies,

.. and Alliaceae but witl

related monocot families (Fay & Chase, 1996; Fay el
al., 2000; Pires et al.. 2001; Pires & Sytsma, 2002).

As a resull, Brodiaea has been reassigned 1o the

lamily Themidaceae or a more inclusive Asparagaceae
(Angiosperm Phylogeny Group., 2003). These studies
have focused on relationships among families and
cenera and have not addressed relationships within
{]{*:-a[lile

1 939:

Niehaus, 1971). The genus remains a nearly untapped

Brodiaea, which remain  poorly  resolved

having been  monographed (wice (Hoover.,
source for mvestigations on edaphie relationships.
polyploidy, and hybridization.

While mvestigating hybridization among Brodiaea
species, | noticed that populations ol B. californica
Lindley growing sympatrically with hybridizing spe-

cies occurred m o two distinet forms correlated with

HIIIIH[I'LIII‘ EIIIIJ f"l*[‘\’il[il')ll. ._]'IHHI (_‘1”H'I' [‘.‘«lilll]illilli{lll.

”“”‘I]‘h”l“gi"“l differences between the forms became
apparent. The lower elevation form meludes the type

ol B. caltfornica. The higher elevation form. which is

NOVON 16: 254—259. PuLisvep oN 26 JurLy 2000.

Hyacinthaceae and other

signthicantly dilferent from B. californica and mor-

phologically more similar to B, leptandra (Greene)

Baker, 1s deseribed herein as a new species.

Brodiaea sierrae R. .. Preston, sp. nov. 1Y Pl
U.S.A. Butte Co.. 2.1 km W of
Hurleton, along  Forbestown  Road. 19 June
2004, R. k. Preston 2261 [:}11'}]“[}1){‘. DAV:
1sotypes, JIPS, K, MO, NY, R5SA, US). Fig-

Califorma:

Sl

ures 1. 2

Haee species pulchra, in California ad mmflimos montes

Sterra Nevada septrentrionalis idigena, a subsp. leptandra
loribus majoribus el stylis longioribus differt. et a subsp.
californica marginibus staminodiorum integris el appendici-
hus antheris destitutis dilfert.

Corm with coarse fibrous coat. 1.5=3 dm below

oround level: leaves lunate in cross-section. Scape
stoul, 2-8 dm tall, pedicels (0-)1.5-8.5(-16) e¢m long:

L]

orescence an umbel. Pertanth 33-52.5 mm long.

it

ose-violel to blue-violet, tube (8-)8.5=11(=15.5) mm

ong, lobes (24-)25-38(—40) mm long, mner (6—-)6.5-
| 1(—=12) mm wide, ouler (4—)4.5=7.5(=8.5) mm wide.
ascending,  recurved: staminode  (20-)20.5-30(=31)
mm long, white, linear, erect and approximate 1o

stamens. recurved near the tip but not narrowed.

nmr;_';in cnlire, one-quarter mvolute, madrib ll{}ii{‘t"tlhl_\-"
thickened: (12=)17=26.5(—=283) mm

Hlaments (7.5—)9—14.5(—=15) mm lone. dilated al base.

stamens long.

anthers 10-15(-16.5) mm long, Lnear. apices of
anther lobes erect with slight noteh between: ovary
ovord., 6-10(=11) mm long. stvle 20-31(=341.5) mm
lnng_!;._ ovules (12 10)17 10 36(to 42). Pertanth tube 1m
[ruit translucent and  splitting: fruit a loculicidal

capsule: seeds black, ovoid 1o rhombord, 3 mm long.

rideed.  Chromosome number
n = O (Nichaus. 1971, based on Niehaus 245 [UC].
543 [UC)).

margins  prominently

Phenology.  Brodiaea sterrae blooms in June and

July.

/)f".,s'f.r'f.‘fml.r'un HHH’ f‘_'l.'_””/”g‘}‘. /)}ITH}I—(H*H H'(’HTH' [H {‘I'H‘{‘IH-

i 1o the Sierra Nevada foothills of Butte. Yuba. and

Nevada Counties 1 Califormia. with all but one

documented population Iving in a narrow elevation

band  between 320 and 915 m  (Figure 2).  The
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A. Habit. —B. Lateral view of flower. —C. Perianth, with 2 lobes removed to show position of

['igure 1.  Brodiaea sterrae.
(5. Pistil. Scale bars mll_t.:ll [O mm.

staminodes. —D. Stamen (adaxial view). —E. Stamen (abaxial view). —F. Staminode.
Drawn from fresh matenal (Preston 1815 [DAV]).
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Fieure 2.

populations occur primarily on soils derived  from

basic and ultramalic intrusive rocks. Populations of

the new spectes occur on serpentinile oulerops in
Butte County near Magalia. Jarbo Gap. and Forbes-
town. Populations also occur on gabbro oulerops in
bButte County near Bloomer Hill and m Nevada
County near Grass Valley.

Brodiaea sierrae most commonly erows in chaparra

openings but also grows in open areas in foothil
woodlands. It rarely occurs in dry meadows. Associated

species include Alliem jepsonic (‘Traub) S, Denison &

MeNeal, Arctostaphyvlos viscida Parvey. Brodiaea minor

(Bentham) S, Watson. Calocedrus decurrens (Torrey)
Ilorin, Calochortus superbus ). 'T. Howell. Calyeadenia

(...

Ceanothus cuneatus (H{mLt-r) Nultall. Ceanothus lem-

truncata - DG, Calveadenia  multiglandulosa

monti Pareyv. Centromadia fitehie (A Gray) Greene,

Z
0 50 100
R S ——

Miles

(approximate)

Distribution of Brodiaea sierrae () in Calilornia, U.S AL

Chlorogalum pomeridianum (DC.) Kunth. Dichelos-
Heller.  Elyvmus

clymordes (Ralinesque) Swezy. Eriodictyon californi-

temma  multiflorum (Bentham) A,

cum (Hooker & Arnott) Torrev. Ertogonum wmbellatum

lorrey, Lriophyllum lanatum (Pursh) J. Forbes, Gilia
capttata Sims. Grindelia camporum Greene. Hetero-
meles arbutifolia (Lindley) M. Roemer. Monardella
Bentham. Pinus  sabiniana

rillosa Douglas.  Pinus

ponderosa C. Lawson. Quercus douglasit Hooker &
Arnoll, Quercus durata Jepson, Quercus wislizenit A
DC.. Polygala cornuta Kelloge, Sanguisorba oceiden-
falis Nutlall,
lritelera bDridgesii (5. Watson) Greene. and Whyethia

bolanderi (A. Gray) W. A. Weber.

Relationships  of Brodiaca sierrae.

Streptanthus  polygaloides A, Gray,

\’|tn‘|llm\n;_:i-
cally. B. sierrae appears 1o be closely related 1o

L. californica and  B. leptandra. Brodiaea  sierrae
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1s similar to B. californica, and previous researchers
did not recognize the differences between them.
Brodiaea sierrae 1s distinguished from B. californica
by its generally larger flowers (33-53 mm long.
vs. 3444 mm in B. californica) and by the slami-
node morphology. In B. californica, the staminodes
are recurved from the middle and narrowed al
the apex, and the margins are undulate-dentate and
one-hall 1nvolute. In B. sierrae. the staminodes
are untformly wide and recurved only at the Lp.
The staminode margins are entire and only aboul
one-quarter mvolute. In addition, B. californica often
has a pair ol appendages on the back of the stamens
that are an extension of the filament. Hoover (1939;
569) stated that the presence of anther appendages
was variable in B. californica, suggesting thal this
was environmentally induced by drought. as he
observed appendages in plants during two drought

vears but did not notice appendages 1n  plants

collected during a normal rainfall year nor in plants

at higher, less drought-prone elevations. 1 observed

anther appendages al a low [requency (ca. 18% of

plants) in almost all B. californica populations that
I sampled, even during a wetler-than-normal year.

However. | did not observe anther appendages 1m

any populations of B. sierrae—the higher elevation
population that Hoover (1939) cited (Hoover 3620)
(GH]) 1s actually B. sierrae—which weakens Hoover's
hypothesis that anther appendages are environmen-
tally induced. Brodiaea californica 1s endemic to
the northern Sacramento Valley and adjacent lower
Cascade Range foothills in Shasta, Tehama. and Butte
350 1M

[t occurs on

Counties 1n Cahifornia. belween 45 and

elevation (see Niehaus, 1971: fig. 7).
soils of volcanic origin, primarily in annual grass-
lands. but also 1n grassy openings within foothill
woodlands. Most populations bloom from late April
to late May. although populations at the northern
end of the distribution bloom n early June (pers.
color in most populations ol B.

obs.). Flower

californica i1s pale blue-violel, although some popula-

tions have pale pink to nearly white flowers
(Rowntree. 1936). Niehaus (1971) determined B.
californica and populations of the taxon herein

described as B. sterrae (e.g.. Niehaus 245 [UC|, 543

lUC)) to be diploids (n = 6).

Brodiaea sierrae is most similar morphologically
lo B. leptandra (=
(Greene) J. C.

appendages and have erect staminodes with entire

B. californica subsp. leptandra
Pires): both species lack anther

margins. Brodiaea sierrae generally has larger [lowers
(33-53 mm long, vs. 28-42 mm in B. leptandra) with
wider perianth lobes (outer lobes 6.5—11 mm. vs. 4—

8 mm in B. leptandra), and the perianth lobe midribs

are red-violet (vs. green in B. leptandra |Doalson.
1999|). Brodiaea leptandra 1s endemic 1o the North
(oast Ranges in Sonoma, Napa, and Lake Counties 1n
700 m

It occurs in chaparral and

(see

California. between 35 and elevation
Niehaus, 1971: hLig. 7).

openings i lower montane coniferous forest. Popula-

lions ol B. leptandra are in bloom from about mid-

June to mid-July (pers. obs.).

Brodiaea species traditionally have been recog-
nized on the basis of discrete dilferences in the shape
of the floral parts. and taxa delineated on the basis of
size differences or the relative position of floral parts
have historically been lIreated as varieties or sub-
species (e.g., Hoover, 1939). Hoover (1939: 570)
considered B. leptandra 1o be only a variety ol B.
californica, staling that there was little morphological
difference between B. leptandra and B. californica.
the main difference belween the taxa being the
presence of vegelalive offsets in the former. Because
Hoover’s concept of B. californica included collec-
tions (Klvin 46 [UC)|, Elvin 50 [UC|, MacFadden
12577 |CAS|, Eastwood 565 |CAS|. Keck 1601 [DS].
Heller 8097 |DS, UC|, Eastwood 3426 |CAS|, Hoover
3620 (GH]) herein referred to B. sterrae. it 1s perhaps
unsurprising that he did not distinguish the morpho-
logical differences. Niehaus (1971) employed a more
modern approach, using multiple data sources, in-
cluding morphology, anatomy. cytology. ftlavonoid
('Imnlislr}: ]1}-’1'11'i(]izaliun studies. gengr.‘;]ph}f, and
ecology, 1o seek a belter understanding of the
systematics of Brodiaea. Although Niehaus (1971:
30) noted that the perianth segments were narrower in
B. leptandra than in B. californica, he also determined
B. leptandra to be tetraploid (n = 12, based on
Niehaus 679 & Niehaus 680 [UC]|), and he proposed
that B. leptandra be recognized al species rank on the
basis of morphology. cytology, and geographic distri-
bution. Despite Niehauss (1971) precedent using
multiple sources of data for determining the ranks of
Brodiaea taxa, later tlornistic treatments (Keator, 1993;
Kiger el al., 2001: Pires, 2002) followed the more
traditional approach and maimntaied B. leptandra al
infraspecilic rank (although not following it consis-
lently, e.g.. accepting Niehaus’ similar proposal to
recognize Brodiaea minor (Bentham) S. Watson and
Brodiaea purdyi Fastwood on cytological and ecolog-
ical grounds at species rank. despite considerable
morphological overlap between them. rather than as
varieties, as Hoover [1939] did). The degree ol
differentiation between B. californica. B. leptandra.
and B. sierrae, in terms of morphology. cvtology.
seography, ecology, and phenology. indicates that all
three taxa should be recognized at species rank.

The phylogenetic relationship between this group

of taxa and other Brodiaea species remains poorly
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resolved. Brodiaea californica, B. leptandra, and B.
sterrae are distinguished [rom other brodiaeas by the
large (3=> cm long), showy flowers with long (2-
3 cm), erect staminodes that are closely appressed to
the anthers. Only Brodiaea elegans Hoover has flowers
of stmilar size (24—=47 mm long), bul the staminodes
that species are short (<< 15 mm) and distant from the
anthers. All other brodiaeas have smaller [lowers (15—
30 mm long) with short staminodes (10 mm or less)
that often lean toward the anthers or are not closely
appressed 1o the anthers. Hoover (1939: 568) grouped
with B.

appendiculata Hoover in an informal group Appendic-

B. californica (imcluding B, leptandra)

ulatae on the basis of shared floral and frul

characters. including a membranous hypanthium that

sphits open as the capsules mature, anther append-

ages, and erect staminodes with undulate-dentate
margins., Niehaus (1971) proposed that B. californica
was derived from B. appendiculata and. in turn, gave
rse to B. leptandra. The recogmtion of B. sterrac
throws that hypothesis into question. It seems unlikely
lhat B. leptandra and B. sierrae, which are more
similar to each other than to B. californica. would both
be derived from B. californica. Brodiaea californica is
morphologically mtermediate between B. appendicu-
lata and B. sierrae, having flowers of similar size and
shape as B. sierrae, bul having staminodes with
undulate margins and anther appendages like B.
appendiculata, and 1t 1s alternatively possible that B.
o:'u/{l/bmfr'f.! was derived via illll'tlgl't‘HHi{'Hl hetween the
latter |im*;-|;_=;v:-a.

Floral morphology alone appears to have limited
usefulness for resolving relationships between and
among Brodiaea species. partly because herbarium
studies have relied on diagnostic floral features that
are often obliterated when specimens are pressed and
dried, and partly because floral character states have
not been subjected to a phylogenetic  analvsis.
Additional data are needed to elucidate the relation-
ship among the members of Appendiculatae (Hoover.
1939) and between this group and the other brodiaeas.
Niehaus (1971) recogmzed the difficulty in relyving on
morphological data for predicting phylogenies 1n
Brodiaea and stressed the need for multiple data
sources. Burbanck’s (1941) suggestion that evtological
studies might shed light on the differences among
Brodiaea species has not vel been fully followed
through on. Molecular data also show promise for
resolving  relationships  among  brodiaeas (Pires &

Sytsma, 2002).

Etymology. The specitic epithet refers to the
species’ narrow geographic distribution in the north-

ern Sierra Nevada foothills, | suggest Sterra foothills

hrodhaea as the common name. Brodiaea sierrae 1s the

most showy of all the Brodiaea taxa and has been

cdistributed commercially as B. californica.

Paratypes.  U.S.A. California: Butte Co.. I mi. Nl of
Magalia, R. E. Preston 2260 (DAV): Magaha, along The
Skyway, 0.1 mi. N of Coutelene Road, R. E. Preston 1811
(DAV): I of Paradise & Magalia. N of Oroville & Jarbo Gap.
R. A. Schlising 4574 (CHSC); 0.3 mi. N ol Jarbo Gap, M. S.
Tavlor 1719 (CHSC): along Bloomer Hill Road. ca. 15 mu.
NE of Oroville, L. Ahart 4081 (CHSC): 1.2 mi. W of
Hurleton, K, Bacigalupy 3752 (JEPS): ca. 1.5mi. S of
Hurleton, L. Ahart 8045 (CHSC): Forbestown, R. E. Preston
[892 (DAV): 2.5 air mi. NE ol Forbestown. L. Ahart 5084
(CHSC), 8049 (CHSC., JEPS): Nevada Co.. 1.5 mi1. SE of
Y uba/Nevada Co. line along Highway 20, T. F. Nichaus 51.3
UC): 8 mi. NW of Rough and Readv, T. F. Niehaus 245
UC): I mi. W ol Grass \'alHt*}'. K. b.. Preston 1815 (DAV): ca.
5 mi. SW ol Grass \-"'r;l”(-},'_ L. R. Heckard 3428 (JEPS): Yuba
Co.. Brownsville, R. E. Preston 1891 (DAV): ca. 3 air mi. SE
of Challenge, L. Anart 7826 (CHSC, JEPS); ca. 3/4 mi. SE of
Woodleal. . Ahart 8050 (CHSC): 2 mi. W of Dobbins. M. A.
Floin 50 (UC): 0.5 mi. S ol Indiana Ranch, M. A. Elvin 16
(UC).

KEY TO BrRODIAEA SIERRAE AND RELATED SPECIES IN CALIFORNIA

la. Staminode margins undulate, 1/2 rolled. midrih
nol noticeably thickened: filament apex with linear
appendages e all or some of the flowers.

2a. Pertanth white to puh'* violet. lobes ca. 3 hmes

longer than the tube: staminodes reflexed in
e el o ot sy 2845 5 b A% v ok B. californica

2h. Pertanth dark violel. lobes ca. 2 times ]nngm‘

than  the tube: staminodes  ereet,  straigh
....................... B. appendiculata

Ih. Staminode margins entire, 1/4 inrolled. midrib

noticeably thickened: filament appendages lacking.
20-30 mm

oreen: staminodes 16-21.5 mm long. styles

Ja. Penanth  lobes long,  mid-ribs
D5 S 3 s 0153 A M S B. leptandra

3bh. Pertanth lobes 25-38 mm long. mid-ribs red-
violet: staminodes 20.5-30 mm long, styles

AUl IO & o e b b b v B. sierrae
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